To determine whether dried fermented ginger (DFG), fermented with Japanese mugwort silage juice, could be replaced by fermented corncob powder (FCP) as a of feed ingredient source without significant body weight decrease or damage to visceral organs (using gross anatomical observation), to intestinal villi (using light microscopy), or to the epithelial cells on the villus apical surface (using scanning electron microscopy) the following investigation was performed. Sixty-four male broilers were allotted to 4 groups: a basal diet group (control group), and basal diet groups with DFG at a level of 50 ppm; with DFG at 50 ppm and FCP at 250 ppm (50 ppm DFG + 250 ppm FCP group); and with FCP at a level of 500 ppm (500 ppm FCP group). Feed intake, body weight gain, feed efficiency, carcass quality, small intestinal length and weight, and visceral organ weight were not different among groups. Furthermore, regarding intestinal villus height, villus area and crypt depth, a significant difference was not found among the groups. When these values of the control were expressed as an index of 100, the duodenal villus height of the 50 ppm DFG + 250 ppm FCP group and the 500 ppm FCP group were 114 and 119, respectively. The duodenal villus area of the 50 ppm DFG + 250 ppm FCP group and the 500 ppm FCP group were 125 and 158, respectively. These villus heights and areas are thought to be activated. On the epithelial cells on the villus apical surface in the duodenum and jejunum, the 50 ppm DFG + 250 ppm FCP group had protuberated cells into the intestinal lumen and deeper cells at the sites of recently exfoliated cells, suggesting that these cells are activated. The present results indicate that small amounts of fermented corncob powder can be used as a feed supplement when mixed with fer- 
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Introduction
Feed represents the largest cost associated with poultry production, and the major source of feed ingredients is corn. However, corn ethanol production has grown rapidly in the last decade, subsequent to corn's first being employed in biogas production [1] from the 1970s in the USA; decreasing corn yields and the high demand for ethanol production have led to increased prices for corn. Consequently, for some time, some poultry farmers have been focusing on reducing feed costs without negative effects on growth performance by adding various dietary supplements. Corncob, as a by-product of corn crops, is produced in very large amounts from corn manufactory, due to the fact that 40% -50% of a corn crop is comprised of corncob, the fibers of which are 30% -40% cellulose, 20% -36% hemicellulose, 16% lignin, and 8% other materials [2] . Consequently, most corncobs are not used effectively but are dumped into fields, resulting in environmental contamination due to the occurrence of mycotoxins such as aflatoxin.
To increase of the economic value of corncobs, efforts should be made to ferment it for use as a poultry feed supplement.
Japanese mugwort silage juice (JMS) liquid includes natural microorganisms, such as lactic acid bacteria, yeast fungus, photosynthetic bacteria, ray-fungus, hyperthermal bacteria, and Aspergillus and Bacillus subtilis [3] . When this JMS was mixed with dried ground ginger (dried fermented ginger; DFG), the production performance of layer chickens [3] and body weight gain in broilers [4] increased due to the hypertrophy of intestinal villi and epithelial cells. However, as ginger has a high purchase price, the use of agricultural by-products other than ginger was necessary. As described above, corncob is cheap and discarded without being effectively used; thus, it might be a useful and economical alternative replacement for ginger. The corncob itself is very difficult to use as a feed ingredient due to its high fiber content. In fact, the daily body weight gain decreased in pigs when their diets were supplemented with an increased level of corncob, because the high fiber in the corncob is resistant to the pig's digestive enzymes [5] . Consequently, corncob powder was fermented with waste JMS after DFG production. This fermented corncob powder (FCP) can be used as a broiler feed ingredient if measured values of birds fed dietary FCP do not show a significant decrease in growth performance compared to those in the control, and intestinal villi demonstrate no histological damage.
The aim of the present study was to determine whether ginger could be re-placed by corncob as a source of feed ingredient to economize feed costs without a significant decrease in body weight. The following observations were performed: the presence or absence of damage on visceral organs using gross anatomical observation; on intestinal villi using light microscopy; and on the epithelial cells on the villus apical surface using scanning electron microscopy.
Materials and Methods

Preparation of DFG, JMS and FCP
Japanese mugwort plants were harvested and ensiled at room temperature to get JMS. Grounded ginger by-product was added into the JMS solution, kept under anaerobic conditions at room temperature for 4 -5 d, dried in a hot air oven at 50˚C for 1 -2 d and again ground for finally making DFG [3] [4] . On the other hand, FCP was made as follows: sliced corncob was soaked into the remaining JMS after soaking ginger for DFG dried up, and then milled.
Birds, Diet and Housing
Newly hatched male broilers (Marshall Chunky) were obtained from a commercial hatchery, and conventional starter (1 -21 d) and finisher (22 -49 d) diets were used as basal diets (Table 1 ). At 7 d of age, birds with similar weights were allotted to 4 groups: a basal diet group (control group) and basal diet with DFG (Table 2 ) at 50 ppm level (50 ppm DFG group), with DFG at 50 ppm and FCP at 250 ppm (50 ppm DFG + 250 ppm FCP group) and with FCP at 500 ppmlevel (500 ppm FCP group). Each group had 4 replicates of 4 chickens. The chicks were raised in floor pens in a room under natural light in the day and continuous fluorescent lighting at night during the experimental period. Feed and water were available ad libitum throughout the experimental period. Feed intake and body weight were monitored weekly. 
Tissue Sampling
Scanning Electron Microscopy
Samples for SM were cut lengthwise along the line of the mesentery, opened, and flushed with 0.1 M phosphate buffered saline (pH 7.4). These samples were 
Light Microscopy
After keep in Bouin's solution, the intestinal segments were embedded in paraplast wax, cut into 4-µm transverse sections, and stained with hematoxylin-eosin.
Eight sections per intestinal segment per bird were used to measure villus height, villus area and crypt depth by an image analyzer (Nis-Element D, Nikon Co., Tokyo, Japan). The 48 villi per bird were randomly chosen to measure villus height, from the villus tip to the base. And the 4 mean villus heights from 4 birds were expressed as a mean villus height for 1 group. The villus area was calculated from the villus height, basal width, and apical width [6] . Likewise, the longest crypt was chosen, and measured its length as crypt depth.
Gross Anatomical Observations of Visceral Organs
At 50 d of age, 8 birds in each group were used to measure carcass quality, small intestinal length and weight, and visceral organ weight. After decapitation, the entirety of the visceral organs was removed. The weights of the visceral organs, proventriculus, gizzard, and liver were measured. The whole small intestine, from the gizzard to the large intestine, was removed. The weights and lengths of duodenum, jejunum, and ileum were recorded.
Data Collection and Statistical Analyses
Growth performance such as body weight and feed intake were measured weekly to calculate body weight gain, and feed efficiency was calculated from body weight gain per feed intake. Growth performance, carcass percentage, and light microscopic parameters were analyzed by a one-way analysis of variance (ANOVA). Significance was determined at p < 0.05, using Duncan's multiple range tests to compare differences among groups.
The experiment was performed in accordance with the guidelines and rules of care and use of laboratory animal experimentation established by Kagawa University in Japan. The experimental procedure was approved by the Animal Research Committee of the Kagawa University, Japan.
Results
Growth Performance
Feed intake, body weight gain, and feed efficiency did not differ among the groups (Table 3) .
Carcass Quality, Visceral Organ Weight and Small Intestinal Length and Weight
Compared with the control, the percentage weights of carcass, thigh (drumsticks and thighs), breast, wing and abdominal fat did not differ among the experimental groups (Table 4 ). The relative length of the duodenum, jejunum, ileum, and total small intestinal length to 100 g body weight did not differ. The relative weights of total visceral organs, gizzard, proventriculus, live, duodenum, jejunum, and ileum to 100 g of body weight also did not differ.
Histological Analysis of Light Microscopic Parameters
Compared with the control, the intestinal villus height, villus area, and crypt depth in each intestinal segment of the experimental groups did not differ (Table 5 ). The intestinal villus height and villus area in each intestinal segment of the 500 ppm groups FCP had numerically higher values than the control, although they were not significantly different (Table 5 ).
Scanning Electron Microscopic Observations of Epithelial Cells on the Villus Apical Surface
Although the majority of epithelial cells on the duodenal villus apical surface of the control group were flat (small arrows in Figure 1 were found. All of the epithelial cells on the ileal villus apical surface of the control group (Figure 3(a) ) protuberated into the intestinal lumen (large arrows).
The epithelial cells of the 50 ppm DFG (Figure 3(b) ), 50 ppm DFG + 250 ppm FCP (Figure 3(c) ) and 500 ppm FCP (Figure 3(d) ) groups were flat cells (small arrows). 
Discussion
As epithelial cells originate in the crypts by mitosis and migrate steadily toward the villus tips where cells extrude into the lumen [7] , the intestinal mucosal ar-chitecture (morphometric alterations of intestinal villi using light microscopy as well as morphological changes of the epithelial cells on the villus apical surface using scanning electron microscopy) can be a useful index for assessing cell activity. In light microscopy, intestinal villus length and epithelial cells on the villus apical surface are known to be related to intestinal function [8] . An increased villus height is paralleled by an increased digestive and absorptive function of the intestine due to an increased absorptive surface area [9] . As longer villi allow greater absorption of the available nutrients because of their greater surface area [10] , increased villus height is an indicator of an activated villus function [11] .
Garlic induced lengthening of intestinal villi due to cellular hypertrophy and hyperplasia in rats [12] and broilers [13] . Sugar cane extract increased villus length in broilers [14] . The present DFG and FCP did not affect the villus height, villus area and crypt depth, suggesting that the corncob fibers did not damage the intestinal villus function. These histological results correspond with the fact that growth performance, carcass quality, and visceral organ weight did not show a significant decrease. Because of the high-fiber content in non-fermented corncob, a decreased daily body weight gain was concurrent with an increased level of corncob supplementation, due to its resistance to the pig's digestive enzymes [5] . The present morphometric values indicating no damage might be induced as a result of the fermentation of corncobs using waste JMS after DFG production; the fermentation of corncobs using rumen filtrate enhanced the crude protein value and reduced the crude fiber content [15] . In scanning electron microscopy, the protuberated cells and deeper cells at the sites of recently exfoliated cells were observed in the 50 ppm DFG + 250 ppm FCP and 500 ppm FCP groups. These morphological changes in the protuberated cells [8] and in the deeper cells at the sites of recently exfoliated cells [16] are well known to indicate more activation than flat cells, suggesting that DFG and FCP can stimulate epithelial cell function at the ultrastructural level. This might be related to the presence of many kinds of nutrients in ginger, as shown in [19] . These substances from ginger seem to remain in JMS; as the present FCP was fermented with waste JMS after DFG production, the FCP also contains these substances. The JMS itself also includes lactic acid bacteria, yeast fungus, photosynthetic bacteria, ray fungus, hyperthermal bacteria, and Aspergillus and Bacillus subtilis [3] . These substances might become packed into the pores of the corncob, arrive in the intestine without receiving the effects of stomach acid, and flow out from the pores into the intestinal lumen, and thus might have an effect on intestinal function, resulting in the activation of the epithelial cells in the 50 ppm DFG + 250 ppm FCP and the 500 ppm FCP groups.
The phenomenon that charcoal pores can become packed with substances was demonstrated using electron microscopy [20] .
From a scientific standpoint using a statistical treatment, the growth performance and morphometric parameters of intestinal villi have no alterations.
When these values are expressed as an index of 100, the experimental groups showed a value of 104, particularly in the body weight gain of the 50 ppm DFG + 250 ppm FCP was 106. Within poultry production, a supplement resulting in a body weight gain of more than 2% than the control is considered effective. Regarding growth performance, although most of the percentages of the carcass, thigh, breast and wing in the experimental groups were higher than the control, the abdominal fat decreased, suggesting that the DFG and FCP affect the growth performance but suppresses fat deposition. Regarding the gross anatomical observations of the intestine and visceral organs, we could not find a difference among the groups. However, the villus height and area showed higher values in the transition from the ileum to the duodenum. This is in harmony with reports that the duodenum and initial jejunal segment absorbed lipids, while the ileum did not play a significant role in digestion or the absorption of triglycerides [21] .
The duodenal crypt depth showed an extreme decrease in all experimental groups. As the crypt area is known to be a cell proliferation zone, the duodenal suggest that a small amount of fermented corncob powder can be used as a feed supplement when mixed with fermented ginger powder, due to their synergistic interaction.
